These magnetometers and current development at Goddard Space Flight
Center (GSFC) of these two types of magnetometers are described below.
RUBIDIUM VAPOR MAGNETOMETER (1) Introduction
The development of optical pumping techniques arose from the suggestions in 1949 of F. Bitter [1] and of J. Brossel and A. Kastler [2] for a double resonance technique to detect the radiofrequency resonances of optically excited states of atoms. Observations of the orientation of atoms by optical pumping, both in atomic beams and saturated vapor, followed [3] . In 1957 H. G. Dehmelt [4] pointed out that atomic precession could be observed by the resulting modulation of the transmitted light beam. He also proposed a selfoscillating device. In the same year W. E. Bell and A. L. Bloom [5] developed a model of double resonance phenomena and they suggested the .application of optical pumping methods to the measurement of weak magnetic fields. In 1958 the first optical pumping magnetometer was constructed [6] and in 1961 the space probe Explorer 10 carried a self-oscillating Rubidium magnetometer [7] .
Experimen+,41 using optical pumping magnetometers have also been carried on the first three Interplanetary Monitoring Platforms (IMP 1, 2, and 3) [8] . Mariner 4, launched in 1964 carried a "low-field" Helium magnetometer [9] . The Orbiting Geophysical
Observatories (OGO 1, 2, 3, 4, and 5) have all included Rubidium vapor magnetometers [10, 11) . W. H. Farthing alLd W. C. Folz [11] have published a detailed description of the Rubidium vapor magnetometer experiments carried on the Polar Orbiting Geophysical Observatories (OGO 2 and 4). Those two experiments and the spacecrafts involved had many similarities to their OGO-5 counterparts. The discussion below is not a complete description of the OGO-5 experiment;
rather it is a description of some of the features peculiar to the OGO-5 magnetometers.
(2) OGO-5
The orbit of OGO-5 is highly eccentric; apogee is approximately 22 earth radii above the earth's surface and perigee was initially 290 kilometers. The corresponding magnetic fields range from typical interplanetary fields of a few gammas up to maximum magnetospheric intensities in excess of forty thousand gammas. The operating temperature range of the OGO-5 sensor is from -150°C
to +50°C and of the electronics from -5°C to +45°C. The current source and its associated logic and telemetry readout system consumes 0. 75 watts of rcguilated power. The total fluxgate system power is less than 1.5 watts regulated.
The flu.xgates have a range of + thirty-three gammas; the compensation threshold points are set to keep the sensor in a + twenty gamma range. The total range of the system is + four thousand gammas. The sensitivity of the fluxgates shows a slight temperature dependence. Over the total range of temperatures given above, this is equivalent to a ±0.5 gamma variation at twenty gammas.
The sensitivity is monitored in flight by periodically applying an accurate ten gamma calibration field to each sensor via a secondary ' solenoid, built into the sensor housing. Apart from this temperature dependence, the system has a calibration over the whole field and temperature range which can be represented to an accuracy of 0.1% +0.25 gamma by an equation of the form of (1) with constant parameters.
The resolution of the measurements is +1/8 gamma. Assuming a 100°C temperature range, the coefficient of linear expansion of the solenoid's structural material should be < l X 101
per degree centigrade, in order to maintain the overall system accuracy of .01%. Quartz has the desired rigidity for directional stability and has a low coefficient of expansion. However, it is weak in tension and is very difficult to fabricate. A choice was made of CER-VIT, a ceramic vitreous material developed by Owens Illinois, Inc. This material is stronger in tension than quartz and is much easier to fabricate to close tolerances. 
6.
A triaxial compensation system made of CER-VIT.
